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@) Relational algebra engine. 



(bt) Disclosed is a relational algebra engine which has a sort 
engine (SE), a merge engine (ME), a control processor (CP) 
and a common bus (BUS). The sort engine has a plurality of 

first processing elements (PE1, PE2 PEn) which are 

connected in series. Each first processing element includes - 
first and second buffer memories (M11, M21..., Mn1; M13, 

M23 Mn3), a first memory which has a FIFO function (B12, 

B22,..., Bn2), and a first processor (PI, P2 Pn) which sorts 

input data elements in accordance with a predetermined rule 
by using the first and second buffer memories and the first 
memory which has the FIFO function. The first and second 
buffer memories and the first memory which has the FIFO 
function are disposed in parallel. The merge engine has two 
second processing elements (RP1, RP2) which are disposed 
in parallel. Each second processing element includes a third 
buffer memory (M01, M02), a second memory which has the 
FIFO function (B01, B02), a second processor (P01, P02) : 
which merges the data elements sorted in the sort engine by 
using the third buffer memory and the second memory 
which has the FIFO function and an output buffer memory 
(OBI, OB2) which stores the data elements merged in the 
second processor. The third buffer memory is disposed 
parallel to the second memory which has the FIFO function. 
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Relational algebra engine 

The present invention relates to a relational 
algebra engine which performs a set operation at high 
speed in a data base system whi-ch deals with a rela- 
5 tional model. 

When a data base system is to be established, data 
abstracted from the real world must be modeled. Data 
models which are conventionally proposed include 
hierarchical model, network model and relational model. 

10 Among these models, the relational model is most 

promising. A concept of relation in set theory is 
applied to this model. 

In data base systems which utilize the hierarchical 
model and the network model, data is Strang by the 

15 chain of a pointer. Therefore, the data structure more 
or less depends on an application program. On the other 
hand, in a data base system utilizing the relational 
model, data is expressed as a set so that the data 
structure is simple and each data is highly independent. 

20 In other words, the relational data base system has an 
advantage in that, even if part of the data base is 
modified, the application program thereof is not 
influenced. From this point of view, an extensive study 
has been made in which the relational model is implemented 

25 to establish a data base system of large capacity and a 
knowledge data base system. 
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General purpose computers which are currently 
used are designed to perform arithmetic operations at 
high speed. Therefore, the relational data base 
processing must be executed with software in a general 
purpose computer. In a data base which deals with 
a large capacity of data, the application program 
becomes very complex and the processing time thereof 
becomes long. It has been desired, therefore, that 
hardware for effectively performing the set operation 
of the relational model in a data base system be 
developed . 

It is an object of the present invention to provide 
a relational algebra engine which effectively performs 
at high speed a set operation required for a data base 
15 system for dealing with a relational model. 

A relational algebra engine according to the 
present invention comprises a sort engine, a merge 
engine, a control processor and a common bus. The sort 
engine comprises first processing elements which are 
mutually connected in series. Each first processing 
element comprises two buffer memories, a memory which 
has a FIFO function, and a processor which sorts data 
elements by using two types of memories as described 
above. The merge engine has two second processing 
elements which are disposed in parallel. Each second 
processing element comprises a buffer memory, a memory 
which has a FIFO function, a processer which merges 
data elements by using the memories, and an output 
buffer memory which stores the merged results. The 
sort engine, the merge engine and the control processor 
are connected by the common bus. 

The relational algebra engine with the above 
structure performs set operations at high speed and 
hardware therefor in practice is easy to construct. 

Other objects and many of the attendant advantages 
of the present invention will be readily appreciated as 
the same becomes better understood by reference to the 
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following detailed description when considered in 
connection with the accompanying drawings , in which 
like reference characters designate the same or similar 
parts throughout the figures thereof and wherein: 
5 Figs. 1 and 2 are views for explaining the concept 

of a set operation; 

Fig. 3 is a block diagram of a relational algebra 
engine according to one embodiment of the present 
invention; 

10 Fig. 4 is a timing chart for explaining the process 

of the relational algebra engine of Fig. 3; 

Fig, 5 is a block diagram of a relational algebra 
engine according to a second embodiment of the present 
invention; and 

15 Fig. 6 is a timing chart for explaining the process 

of the relational algebra engine of Fig. 5. 

Figs. 1 and 2 are views for explaining the concept 
of a set operation according to the present invention. 
In principle, as shown in Fig. 1, a set f3 which com- 

20 prises data elements common in two sets fl and f2 is 
formed. In this set operation, in the first step, a 
set which has the smaller number of data elements is 
selected, as shown in Fig. 2. Selected data elements 
are sorted. The data elements (2, 10, 15, 6) which 

25 are input in this order are sorted in accordance with 
a predetermined rule, for example, a rule in which the 
smallest number comes first. Thus, the sorted data 
array (2, 6, 10, 15) is established. This set is 
defined as a set gl. 

30 In the second step, data elements of the set f2 

are input. A subset which has the same number of data 
elements as in the set fl is then formed from the set 
f2. The data elements in the subset are sorted in the 
same manner as in the set fl. Subsequently, the subsets 

35 of the set f2 are formed in the manner as described 

above. For example, as shown in Fig. 2, when the data 
elements of the set f2 are input in the order of (3, 7, 



4, 10, 9, 6, 1, 2), sorted subsets g2 (3, 4, 7, 10) and 
g3 (1, 2, 6, 9) are obtained. 

In the third step, the data elements of the subset 
g2 and the set gl are merged to form the common data 
element (10) . Further, the data elements of the subset 
g3 and the set gl are merged to form the common data 
elements (2, 6), The set f3 (2, 6, 10) is formed from 
the common data elements. 

In the sort/merge algorithm, one set element is 
generally defined as a tuple of a data element having 
a plurality of attributes. Referring to Figs. 1 and 
2, the set elements are thus expressed as 2 (al) , 10(a2), 
.... The attributes are expressed as al, a2,.... 

Fig. 3 is a block diagram of a relational algebra 
engine for performing the sort/merge algorithm according 
to a first embodiment of the present invention. 

A sort engine SE has a plurality (numbering n) of 
first processing elements PEl, PE2 , . . . , PEn which are 
connected in series. Each first processing element PEk 
(k = 0, 1, 2,..., n) comprises two buffer memories Mkl 
and Mk3, a memory Bk2 which has a first-in/first-out 
(FIFO) function, and a processor Pk which sorts input 
data by utilizing the three memories described above. 
The memory Bk2 comprises a RAM which simultaneously 
reads out and writes data, that is, performs parallel 
accessing and which has the FIFO function. The pro- 
cessor Pk compares data stored in the buffer memory Mkl 
and the memory Bk2 or in the buffer memory Mk3 and the 
memory Bk2 and reads out data in accordance with a 
predetermined rule, that is, a rule in which the smaller 
data is read out first. 

The first processing element PEl at the first stage 
of the sort engine SE sorts a first group of two data 
elements which are selected from the input data array. 
The first processing element PE2 at the second stage of 
the sort engine SE sorts a second group of four data 
elements, that is, two groups of two data elements 
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which are sorted in the first processing element PE1 
at the first stage of the sort engine SE. The first 
processing element PEn at the nth stage of the sort 
engine SE sorts the nth group of data elements which 
5 number 2 n , that is, two (n - l)th groups of data elements 
which are sorted by the first processing element PEn-1 
at the (n - 1) th stage of the sort engine SE. In 
general, the data elements which number 2 n are sorted 
through the first processing elements at the nth stage. 
10 In other words, when input data elements which number n 

(=log 2 2 n ) are to be sorted, the first processing elements 
which number log 2 n are required. 

A merge engine ME comprises two second processing 
elements RP1 and RP2 which are disposed parallel to 
15 each other. The second processing element RP1 or RP2 
comprises a buffer memory M01 or M02, a memory B01 or 
B02 which has the FIFO function, a processor P01 or P02 
which merges input data elements by utilizing the buffer 
memory M01 or M02 and the memory B01 or B02, and an 
20 output buffer memory OBI or OB2 which writes the 

coincident data by the merge algorithm. The processor 
P01 reads out the coincident data by sequentially 
comparing groups of data which are stored in the buffer 
memory M01 and the memory B01 which has the FIFO 
25 function. The coincident data is then written in the 
output buffer memory OBI. The processor P02 operates 
in the same manner as the processor P01. In particular, 
the processor P02 reads out the coincident data by 
sequentially comparing groups of data elements which are 
30 stored in the buffer memory M02 and the memory B02 

which has the FIFO function. The coincident data is 
then written in the output buffer memory 0B2. 

These two processing elements RPl and RP2 con- 
tinuously perform the merge operation in synchronism 
35 with the processing speed of the sort engine by 

alternately receiving the sorted subsets transmitted 
from the sort engine. 
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The merge engine ME with the above structure is 
connected to the sort engine SE and a control processor 
CP through a common bus. The control processor CP 
first controls the sort engine SE so as to sort the 
5 input data elements. The sorted data elements are fed 
to the merge engine ME wherein these data elements are 
merged. In this manner, the control processor CP 
controls the pipeline processing of the algorithm of 
the set operation. 
10 The set operation of the relational algebra engine 

according to the present invention will be described 
with reference to the timing chart of Fig. 4. The set 
operation aims at obtaining the set f3 by selecting the 
common data elements of the sets fl and f2. The set fl 
15 has data elements (2, 10, 15, 6) and the set f2 has 

data elements (3, 7, 10, 4, 9, 6, 1, 2). Referring to 
Fig. 4, time is plotted in the abscissa of the timing , 
chart. The processing data elements and their status 
are plotted in the ordinate of the timing chart. 
20 Assume that the number of data elements in the set 

fl is defined as n and the number of data elements in 
the set f2 is defined as m. A set which has a smaller 
number of data elements is first input. In the example 
of Fig. 4, since n = 4 and m = 8, the data elements of 
25 the set fl are first input. The data elements are 

sequentially written in the memories Mil, B12 and M13 
of the first processing element PEl in the first stage 
of the sort engine SE in the order of Mil, B12, M13, 

B12, Mil, B12, Every time a group of two data 

30 elements is input to the processor Pi at the first 

stage, the two data elements are compared. The input 
data elements are then sorted by reading out the smaller 
data element first, for example. 

The two groups of two data elements (2, 10) and 
35 (6, 15) are supplied to the first processing element PE2 
at the second stage. The first processing element PE2 
at the second stage compares the input data elements and 
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reads out the smaller data element first. The data 
elements in the same group such as (2, 10) are already 
sorted in the first processing element PEl in the first 
stage. Therefore , the data elements in the different 
5 groups need only be compared. When a data element 

which is to be compared is not present in the opposite 
group, a data element which does not have the corre- 
sponding data element is compared with a predetermined 
value, for example, the infinite (») . When the data 
10 elements are to be sorted from the largest data element, 
the above-described predetermined value is zero (0). 
The sorted set fl (2, 6, 10, 15) is transferred to the 
merge engine ME and written in the buffer memories M01 
and M02, respectively. 
15 The data elements (3, 7, 10, 4, 9, 6, 1, 2) of the 

set f2 are then input to the first processing element 
PEl at the first stage of the sort engine SE after the 
data elements (2, 10, 15, 6) of the set fl have been 
input. The data elements of the set f2 are sorted in 
20 the same manner as described above. When the data 

elements (3, 7, 10, 4) whose number is the same as that 
of the data elements of set fl are sorted from the set 
f2, the data elements (3, 4, 7, 10) are written in the 
memory B01 of the merge engine ME. The processor P01 
25 compares data elements of the memories M01 and B01 and 
detects the common data (10) between the subsets. 

While the second processing element RPl at the 
first stage merges the data elements, the sort engine 
SE sorts the remaining data elements (9, 6, 1, 2) of 
30 the set f2. The sorted data elements (1, 2, 6, 9) are 
sequentially stored in the memory B02 of the second 
processing element RP2 at the second stage of the merge 
engine ME. The second processing element RP2 at the 
second stage of the merge engine ME performs the merge 
35 in the same manner as the second processing element RPl 
at the first stage of the merge engine ME and detects 
the common data elements (2, 6). 
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Every time subsets of the set f 2 which comprise 
the same number of data elements as that of the set fl 
are obtained, they are alternately written in the 
memories B01 and B02 and merged therein. The common 
5 data elements which are obtained by merging are written 
in the output buffer memories OBI and OB2. When the 
processing for all the input data elements is completed, 
the set f3 (10, 2, 6) is produced by the set operation. 
According to the relational algebra engine which 
10 executes processing as described above, the processing 
results are obtained at extremely high speed. When the 
number of data elements of the sets fl and f2 is, 
respectively, defined as n and m (n < m) , n + m steps 
are required for data transfer. Further, when data 
15 transfer is completed, the following number of steps 
are required : 

log 2 n ■ + 2n ... (1) 

Relation (1) is apparently independent of m, the number 
of data elements of the set f2. Here, log 2 n is the 
number of the processing elements of the sort engine 
20 SE required when the number of data elements is n, and 
2n is the number of steps required for the final 
comparison of data elements in the merge engine ME. 
For example, as shown in Fig. 4, when the number of data 
elements of the sets is given as n = 4 and m = 8, 
25 respectively, the comparing steps number log 2 4 + 

(2 x 4) = 10. The data transfer requires n + m = 12 
steps. As a result, the sort and merge operations are 
completed in 22 steps. Further, when the number of 
data elements (key words) of the set fl is 8 and the 
30 number of data elements (key words of patent information) 
is 10,000, data detection is completed in 19 (= log 2 8 + 
(2x8)) steps after the data transfer. These steps are 
independent of the set which has data elements larger 
than the other set, thus accomplishing processing at 
35 extremely high speed. 

The relational algebra engine according to the 



present invention has another advantage in that the 
memory capacity is made small. Each memory has the 
capacity for storing only twice. the number of data 
elements of the set fl. Referring to Fig. 4, the 
memory has only the capacity of 8 (4x2) words. Even 
if the set f2 has 10,000 data elements, the data elements 
are divided into groups of four data elements. Every 
four data elements are, respectively, sorted. The 
sorted results are alternately stored in the memories 
B01 and B02 of the merge engine ME. Therefore, the 
storage structure is made simple. The output buffer 
memories OBI and 0B2 store only the coincident data 
which is indicated by a circle, so that the capacities 
thereof are made compact. 

The above-mentioned advantage is based on the 
structure in which two second processing elements RP1 
and RP2 which are parallel constitute the merge engine 
ME. On the other hand, if the merge operation is 
performed by the second processing element RPl at the 
first stage of the merge engine ME only, time required 
for the merge operation is made longer than that required 
for the sort operation. Therefore, a memory of large 
capacity which solves the problem of time lag is required. 
When the number of the second processing elements of 
the merge engine ME is increased, the second processing 
elements do not receive the inputs since the sort 
processing time is longer than the merge processing 
time. As a result, when two second processing elements 
of the merge engine ME are disposed in the merge engine 
ME , the merge processing time matches the sort processing 
time, so that the relational algebra engine properly 
operates . 

The sort engine SE continuously sorts by the 
pipeline operation the subsets g2 and g3 which have the 
same number of data elements as defined by the number . 
of data elements of the set fl. Therefore, time required 
for t-he sort operation is very short. Further, while 
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the set fl and the subset g2 of the set f2 are merged, 
the sort engine SE sorts the subset g3 of the set f2, 
thus accomplishing efficient processing. As is apparent 
from the above description, even if the number of data 
5 elements of the set fl is larger than that in the above 
embodiment, the processing is continuously performed in 
a predetermined number of steps in accordance with 
relation (1) . 

The device according to the present invention is 

10 simple in construction as shown in Fig. 3. The 1 operation 
of this device is easily controlled. Since the process- 
ing elements of the same structure are connected in 
series through the common bus to the control processor, 
the sort result is read out from an arbitrary processing 

15 element. Therefore, the system design and implementation 
of the device is made simple. The number of the 
processing elements of sort engines is arbitrarily 
determined in accordance with the amount of data to be 
handled . 

20 According to the relational algebra engine of the 

present invention, the set operation for a great amount 
of data in the data base system based on the relational 
model is performed at high speed with good efficiency. 

In the first embodiment, the algebra operation for 

25 the common set is described. However, other set 

operations are also performed. For example, a join 
operation which is the most complicated set operation 
of the relational algebra of the relational data base 
system is performed at high speed. According to this 

30 join operation, for example, a new relation is 

established from two different relations by utilizing 
the common attribute. One set indicates the relation 
between a record number and a composer, as shown in 
Table 1. Another set indicates the relation between 

35 the record number and the title of a musical composition, 
as shown in Table 2. By using these sets, a new set 
which indicates the relation between the composer and 
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the title of a musical composition is established as 
shown in Table 3. 



Table 1 



Record Number 


Composer 


100 


T 


14 


O 


73 


S 


2 


H 


56 


I 


27 


B 


31 


A 



Table 2 



Record Number 


Title 


94 


s 


61 


o 


14 


k 


106 


e 


40 


n 


100 


h 


2 


w 


30 


a 


62 


Jt 


88 


m 


19 


X 


45 


d 


77 


f 
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Table 3 



Record Number 


Composer 


Title 


2 


H 


w 


14 


0 


k 


100 


T 


h 



The join operation of the above-mentioned relations 
is performed as follows. The sets in Tables 1 and 2 
are sorted in accordance with the common attribute, 
that is, the record number. Thereafter, these sets 
5 are joined and the common record numbers are selected. 
In accordance with the common record numbers, the 
corresponding composers and the title are detected, 

respectively . 

In the set operations so far, a group of set 
10 elements which are based on a tuple as the unit and 

which have a plurality of attributes are stored in the 
memory. This group of set elements is sorted and the 
sorted groups of set elements are merged. As a second 
embodiment, a relational algebra engine which is capable 
15 of sorting data sets based on the attributes will be 
described with reference to Fig. 5. 

The sort engine SE comprises a plurality of first 

processing elements PE1, PE2 PEn which are connected 

in series. The first processing element PEk (k = 0, 1, 
20 2..., n) comprises the two buffer memories Mkl and Mk3, 

the memory Bk2 which has the FIFO function, the processor 
Pk which sorts input data elements in accordance with a 
predetermined rule by utilizing the buffer memories Mkl 
and Mk3 and the memory Bk2 , a flag memory FMk which 
25 stores processing steps of the processor Pk and an 

address counter ACk which controls the flag memory FMk. 
The memory Bk2 is a RAM which is capable of performing 
parallel access for reading out and writing data and 
which has the function of first-in/first-out (FIFO) . 
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The processor Pk compares data which are stored in the 
memories Mkl and Bk2 or the memories Mk3 and Bk2 by 
utilizing the FIFO function of the memory Bk2. The 
processor Pk then reads out data in accordance with a 
5 predetermined rule, that is, a rule in which the 

smallest data element is read out first. The sort 
processing steps of the first processing element PEk are 
sequentially stored in the flag memory FMk which is, 
in turn, controlled by the address counter ACk. The 

10 processor Pk sorts other attributes with reference to 
the previously input attributes in accordance with the 
storage process of the flag memory FMk. In the sort 
engine SE , the first processing elements PEl, PE2 , . . . , 
PEn which are connected in series function as the pipeline 

15 so as to sort a series of data. 

The first processing element PEl at the first stage 
of the sort engine SE sorts two data elements every time 
two data elements are input. The first processing 
element PE2 at the second stage of the sort engine SE 

20 sorts two groups of two data elements every time the 

groups are input which are sorted in the first processing 
element PEl at the first stage. Within the same group, 
the data elements are already sorted. Therefore, 
comparision is only made between the data elements in 

25 different groups. One data element of one group is, 
for example, compared with one data element of the 
other group and the smaller data element is read out. 
The remaining data element and one data element of the 
other group are sorted. This operation is sequentially 

30 repeated. Therefore, a group of four data elements 
which are already sorted is read out from the first 
processing element PE2 at the second stage of the sort 
engine SE. In the same manner as described above, 
every time each first processing element at each stage 

35 of the sort engine SE receives two groups of data 

elements, the sort processing is performed. When the 
data elements of one group are all read out, the data 
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elements in the other group are compared with the 
infinitive (») or zero (0) . 

The merge engine ME has the same structure as the 
merge engine ME in the first embodiment. The same 
reference numerals as in the second embodiment denote 
the same parts as in the first embodiment, and the 
detailed description thereof will be omitted. 

The merge engine ME is connected to the sort 
engine SE and the control processor CP through the 
common bus. The control processor CP transfers the 
sorted results of the sort engine SE to the merge 
engine ME. 

In order only to obtain the sorted results , the 
sorted results may be stored in the output buffer 
memories OBI and OE-2 through the memories B01 and BO 2. 
The stored data may be accessed as needed. Alternatively, 
the stored results may be directly written in the output 
buffer memories OBI and OB2 in accordance with the direct 
write mode. 

The relational algebra engine with the above 
structure has the advantages for executing the following 
operation. Table 4 shows relations among the attributes 
such as the record number, the title, the composer, and 
the record company. Two attributes, for example, the 
record number and the composer are selected and the data 
elements are arranged in the order of the record number. 
Table 5 shows the results of this operation. 

Table 4 



Record Number 


Title 


Composer 


Record Company 


3 


C 


a 


T 


5 


A 


b 


S 


6 


F 


c 


W 


4 


B 


d 


T 


1 


E 


e 


W 


2 


D 


f 


T 
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Table 5 



Record Number 


Composer 


1 


e 


2 


f 


3 


a 


4 


d 


5 


b 


6 


c 



When the above set operation is to be performed, 
two methods for storing the relations of the attributes 
in the memory are considered. First, based on the 
tuples, groups of data elements such as (3, C, a, T) , 
5 (5, A, b, S),..., (2, D, f, T) are formed. These groups 
of data elements are sequentially stored. Second, based 
on the attributes, groups of data elements such as (3, 
5, 6,...), (C, A, F,...), (a, b, c,...) and (T, S, W,...) 
are formed. These groups are sequentially stored. These 

10 data storage means depend on the data base design. It is 
very difficult to assert that one method is superior to 
the other. The superiority of the method is based on 
each individual case of design. However, in the above 
example, the method which has attributes as the basis 

15 is more advantageous. In the method which has the tuple 
as the basis for the set operation, data for the title 
and the record company become redundant so that excessive 
data transfer time is required. On the other hand, in 
the method which has the attribute as the basis for 

20 storing data, data for the title and the record company 
are eliminated and data for the record number and the 
composer are transfered to execute the set operation. 
Therefore, the data transfer time between the memories 
and the processor can be shortened. 

25 The set operation of the relational algebra engine 

according to the second embodiment of the present 
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invention will be described with reference to the 
timing chart of Fig. 6. The set fl has data elements 
(3, 5, 6, 4, 1, 2) of the record number. The set f2 has , 
data elements (a, b, c, d, e, f) of the composer. Time 
5 is plotted in the abscissa of the timing chart of Fig. 6. 
The processing elments and their statuses are plotted in 
the ordinate of the timing chart of Fig. 6. The data 
elements (3, 5, 6, 4, 1, 2) of the record number are 
first input and sorted in the same manner as in the first 
10 embodiment. The sort processing step of the processor 

Pk is stored in the flag memory FMk (k = 0, 1, 2,..., n) . 
The processor Pk compares data from the buffer memory 
Mkl or Mk3 with data from the memory Bk2 which has the 
FIFO function. The smaller data is then supplied to 
15 the processing element at the next stage. If data which 
is to be supplied to the next processing element has 
been stored in the buffer memory Mkl or Mk3, the state 
"1" is written in the flag memory FMk . When this 
data to be supplied to the processing element has been 
20 stored in the memory Bk2 , the state "0" is written in 

the flag memory FMK . The data elements (a, b, c, d, e, 
f) of the composer which are input after the data elements 
of the record member are processed by the processor Pk 
on the basis of the sort processing step of the record 
25 number which is stored in the flag memory FMk. In the 
figure, W denotes the operation for writing the sort 
processing step in the flag memory FMk. R denotes 
the operation for reading out the sort processing step 
from the flag memory FMk. Therefore, the sets fl and 
30 f2 are sorted in the first processing elements PEl, 
PE2, and PE3. The sorted results are stored in the 
memories M41 and B42 of the first processing element 
PE4. The stored data is read out through the merge 
engine ME as needed. 
35 m the second relational algebra engine, the sort 

processing of data is continuously performed in the 
pipeline manner, accomplishing processing effectively 
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in a short period of time. Further, other attributes 
may be easily sorted in accordance with the order of 
the sorted attribute. 

As described above, a new relation can be established 
5 from one relation. Further, a new relation from a 

plurality of relations, that is, the join operation, 
may be also accomplished. 
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Claims : 



1. A relational algebra engine comprising a 
control processor (CP) ; a common bus means (BUS) ; a sort 
engine (SE) having a plurality of first processing 
5 elements (PEl, PE2,..., PEn) which are connected in 

series, each of said first processing elements including 
first and second buffer memories (Mil, M21,..., Mnl; 
M13, M23,..., Mn3) , a first memory which has a FIFO 
function (B12, B22,..., Bn2) and a first processor 
10 (PI/ P2,..., Pn) which sorts input data elements in 

accordance with a predetermined rule by using said first 
and second buffer memories and said first memory, said 
first and second buffer memories and said first memory 
which has the FIFO function being disposed in parallel; 
15 characterized in that a merge engine (ME) having two 

second processing elements (RPl, RP2) which are disposed 
in parallel is provided; each of said second processing 
elements includes a third buffer memory (M01, M02) , a 
second memory which has the FIFO function (B01, B02) , a 
20 second processor (P01, P02) which merges data elements 
processed in said sort engine by using said third 
buffer memory and said second memory which has the FIFO 
function, and an output buffer memory (OBI, OB2) which 
stores the data elements merged in said second 
25 processor; said third buffer memory and said second 
memory which has the FIFO function are disposed in 
parallel; said control processor controls said sort 
engine and said merge engine; and said common bus means 
connects said sort engine, said merge engine and said 
30 control processor. 

2. A relational algebra engine according to claim 
1, characterized in that 

a first set which has the smallest number of data 
elements input and processed in said sort engine is 
35 stored in said third buffer memory, and 

subsets of a second set which are input in said 
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sort engine after said first set and sorted therein are 
stored in said second memory which has the FIFO function, 
said subsets having the same number of data elements as 
the number of data elements of said first set, whereby 
5 said second processor merges outputs from said third 

buffer memory and said second memory which has the FIFO 
function . 

3. A relational algebra engine according to claim 
1 or 2, characterized in that a flag memory (FMl, FM2 , . . . , 
10 FMn) is included in said first processing elements, said 
flag memory storing sort processing steps of a given 
attribute of the relational data base and processing 
the other attributes in accordance with said sort 
processing steps . 
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